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The histologic study of glomerulopathies involves a sequen-
tial analysis of progressive lesions observed during the devel-
opment of disease. Use of autopsy material for such study is
difficult because many of the disease are end-stage and present
a similar histologic appearance. As a result, histologic research
of glomerulopathies has relied on earlier stage renal biopsies to
follow the course of the disease. However, biopsy materials are
inherently subject to sampling error because a limited amount
of tissue is available. The disadvantage of studies based on
biopsies alone is further compromised when one considers
pathophysiologic mechanisms which underlie some glomerular
lesions, particularly those diseases which affect the vascula-
ture. Under conditions which alter the physiological function,
the distribution of lesions will depend on the distribution of the
vasculature. Therefore, it is important to emphasize that pri-
mary vascular lesions may cause uneven distribution of changes
in the dependent parenchyma. If the distribution of lesions in
various renal diseases can be better understood, pathological
changes detected in the early stage renal biopsy may be related
to what is known about the effect of hemodynamics on the
vascular structure.
In the present study, three types of frequently encountered
glomerulopathies were studied. Using hyalinized glomeruli as
the end point of the glomerular lesion, the relationship of these
lesions to the vascular supply of the kidney were documented.
Then, using the same principle of relationship of glomerular
lesions to the vasculature, chronic glomerulonephritis of uncer-
tain pathogenesis were subjected to study.
Methods
Patient data
Eighteen cases with malignant nephrosclerosis, 19 cases with
chronic glomerulonephritis and 15 cases with diabetic glomer-
ulosclerosis (14 nodular and I diffuse type) were subjected to
study.
Eleven cases of malignant nephrosclerosis were identified;
the nine males and two females had an average age of 43 (range
27 to 57). Clinically, the diagnosis of malignant hypertension
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was made from one month to 26 months (mean 7 months) prior
to death.
Fifteen cases of chronic glomerulonephritis were identified:
10 males and 5 females. The average age of these patients was
38 (range 17 to 72). The diagnosis in this group was made from
3 to 24 years (mean 8 years), and associated hypertension was
also noted from one to 9 years (mean 4) prior to death. No
clinical records were available from the remaining cases of
malignant nephrosclerosis and chronic glomerulonephritis.
Fifteen cases of diabetic glomerulosclerosis were identifed: 6
males and 9 females. The average age was 58 (range 27 to 77).
The diagnosis of diabetes was made from 6 to 26 years (mean
14) and associated hypertension was also detected from one to
18 years (mean 5) prior to death. None of the cases underwent
hemodyalisis. Renal tissues without pathological lesions at
autopsy from 21 cases were used as control.
Pathology studies
All specimens were fixed in Zenker's formalin aldehyde.
Then the longitudinally sliced tissues were embedded in par-
affin. The sections were cut at 3 j. and stained with Azan-
Mallory. Hyalinized glomeruli in various diseases were ana-
lyzed by the "nearest neighbor" method. A glomerulus was
defined as "hyalinized" when over one-half of the glomerulus
on the cut surface was replaced by fibrous tissue. The specimen
was enlarged 50 to 100 times and was projected on a tracing
paper by Nippon Optics V16 for tissue measurements. The
distance from one hyalinized glomerulus to its nearest hyalin-
ized neighbor and the density of hyalinized glomenili on the
total projected area were recorded.
Nearest neighbor method. Seemingly random points or struc-
tures that can be represented by points in a two or three
dimensional space may, when properly analyzed, reveal a
pattern of regularity. The problem of determining whether such
points are arranged in a recognizable fashion has been a
problem in mathematics, metallurgy and forestry.
A method to analyze the distribution of points was proposed
by the mathematician Hertz in 1905 [1], followed by Clark and
Evans (forestry) in 1954 [21. Since the detailed mathematical
formulation offered by Hertz, and Clark and Evans is quite
difficult for the layperson to understand, Forscher [31, Dehoff
and Rhiness [4], and Suwa [5] have offered explanations for
those who wish to use the method.
When points are distributed at random in a two dimensional
plane, the distance from one point to the next nearest point can
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Fig. 1. Points are distributed at random. The distance r mm from some
point to its nearest neighbor is present between two circles of radius r
and r + dr.
be represented by rmin (r = distance, mm = minimum). The
probability of a point (points) being present in the area circum-
scribed by the radius r, and r + dr can be calculated (Fig. 1).
Therefore, the probability P (r) dr of rmin on a microcircular
area between the two circles with the radius r and r + dr can be
regarded as a complex of the probability of the following two
occurrences; that is, 1) the probability that a point does not
exist within a circle whose center is defined by a random point
and whose radius = r is 1 —fp(r)dr; and 2) the probability of at
least one point existing in the area defined by the radius (r + dr)
— r, whose point density is p, is expressed as follows: 2lTpydr.
Subsequently, if at least one point exists in a microcircular
area between two circles with the radius r and r + dr, the
probability is then given by multiplying the two probabilities 1)
x 2):
If the distribution pattern of points is random, the average f of
rmins can be deducted from the definition of the primary
moment and expressed as follows:
= . P(r)dr = dr
= i: t2et dt
The integral calculus is equal to the condition when Gamma
variable
F(n) = f t e' dt
Jo
is n = 3/2. The equation will be:
2/
If the distribution pattern of points is random, the above
equation will be always satisfied. In general, the relationship
between t of rmins and the density of points p can be written:
= q, where q = the index of distribution.
Calculation of this index then results in definition of a random
distribution (q = 0.5), or non-random distribution (q 0.5);
when random points aggregate q approaches o, and when
evenly spaced q approaches a maximum of 1.074. When q =
1.074, each point is located at the peak of a continuous triangle
(Figs. 3, 4).
Using i of rmins and measurement of density p, the index can
be calculated, which will then determine the distribution pat-
tern. In the following text, q is referred to as the distribution
index number. The method of analysis as described, applies to
a distribution pattern on a two dimensional plane. In practice,
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Fig. 3. In random distribution, q is 0.5. In states of maximum aggre-
gation when points concentrate on one point or more than two points





If we let t = 7rpy2
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Fig. 2. Probability density function P (r) of r in a random distribution.
r is the distance from some point to its nearest neighbor. In this case,
the density of points (p) is 1.
This can be written:
P(r)dr = ( — I P(r)dr . 2pdr\ Jo /
From this equation, P (r) will be; P (r) =2irpye (Fig. 2).
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Distribution index number
glomeruloscierosis was 0.56, analogous to that in controls. On
the other hand, the average qs in malignant nephrosclerosis is
0.40, showing a more collective distribution than that in con-
trols or diabetics. The average of qs in chronic glomerulone-
phritis was 0.48, midway between those of the above two
diseases. It is not clear as to whether the pattern in chronic
glomerulonephritis was dependent on vasculature or a combi-
nation of both vascular dependent and non-dependent types.
Two problems were addressed in attempts to resolve the
problem as to which group most closely resembled chronic
glomerulonephritis.
The first problem was that the percentage of hyalinized
glomeruli to the total glomeruli was markedly different in these
two groups; 21% in malignant nephrosclerosis and 77% in
chronic glomerulonephritis. The second problem was to prove
that if the hyalinization occurred in clusters in a three dimen-
sional space, this clustering could be detected by analysis of a
two dimensional plane (Fig. 7). An experiment with a model
was carried out in an attempt to solve these problems. The
effect of the following two parameters on the change q (that is,
1) the percentage of hyalinized glomeruli to the total glomeruli,
and 2) the number of hyalinized glomeruli in cluster with the
same vascular supply) was studied.
0.3 0.4 0.5 0.6 q
. —
I • —p
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• .
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Fig. 4. In maximum spacing, points will be distributed in an even,
triangular or hexagonal pattern, every point will be equidistant from Chronic
each other. In such a pattern, q is 1.074. glomerulonephritis • '. . S1
• , Malignant
nephrosclerosis . . $ sJss 'I
.1
°/ Fig. 6. Distribution patterns of normal glomeruli in a control group/ • and of hyalinized glomeruli in three diseases.
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Fig. 7. As a number of hyalinized glomeruli in cluster increased in
three dimensional space, the number of them in cluster also increases
on two dimensional plane.
•0
07 o • 0
Fig. 5. Closed circles are hyalinized glomeruli and open circles are
normal glomeruli. rmin is the distance from some hyalinized glomerulus
to its nearest hyalinized glomeruli.
glomeruli with a point; q was then calculated from p and
average i of rimins (Fig. 5).
However, the distribution pattern of hyalinized glomeruli
should be studied in the three dimensional space.
The distribution pattern of normal glomeruli in a three
dimensional space is limited by vasculature. When a glomerus
undergoes hyalinization, the distribution pattern of hyalinized
glomeruli is or is not related to the vascular supply. In other
words, where there are vascular changes, the glomeruli sup-
plied by the arteries will undergo hyalinization either collec-
tively or randomly.
In practice, analysis in a three dimensional space is far harder
than that in a two dimensional plane. If it is possible to confirm
the relationship between two and three dimensions by the
experiment which will be described later, the analysis in a three
dimensional space would not be necessary. If hyalinization of
glomeruli occurs at random, then the distribution pattern they
assume will be that of normal glomeruli. If hyalinization occurs
non-randomly, their distribution will be related to the vascula-
ture and be collective.
Results
The distribution patterns of normal glomeruli from control
specimens and hyalinized glomeruli from the three renal dis-
eases were as follows (Fig. 6). The average of qs in control
specimens was 0.57, which means that the distribution was
almost random. The qs value of hyalinized glomeruli in diabetic
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Fig. 8. Relationship between normal glomeruli and vascular trees.
Groups of glomeruli are under control of small arteries. In this case, ten
percent of total glomeruli are hyalinized in cluster consisting of three
glomeruli supplied by the same artery.
Renal tissue from a 29-year-old man who committed suicide
was used for the experimental model. Two hundred (5 tm)
serial sections were analyzed to document the relationship
between glomeruli and their feeding arteries in a three dimen-
sional space. Each section was enlarged fifty times on a tracing
paper (Nippon Optics Vl6) on which glomeruli and their feeding
arteries were transcribed accurately. Using this method, the
relationship between 422 glomeruli and their feeding arteries
was determined (Fig. 8). A number from 1 to 422 was assigned
to each glomerulus on the tracing papers and then that partic-
ular glomerulus could be identified during reconstruction of the
kidney in a three dimensional space. This procedure permitted
the reconstruction of the three dimensional architecture by
analysis of the sequential tracing papers requesting the serial
sections.
Thereafter, using this model reconstruction, groups consist-
ing of two to ten glomeruli under the same vascular supply were
selected at random, and assigned as "hyalinized" for experi-
mental purposes. Then the percentage of assigned hyalinized
glomeruli reconstructed in a three dimensional space was varied
from 10 to 80%. These assigned hyalinized glomeruli were
colored on the tracing papers. The measurment of the distance
from each tentative hyalinized glomeruli to its nearest neighbor
(rmin) and the density (p) was performed on every fifth tracing
paper (Fig. 9).
The following results were obtained:
1). q Becomes smaller when the number of clustered glomer-
uli is increased with a fixed percentage of total hyalinized
glomeruli. This tendency was more noticeable when the per-
centage of hyalinization was in the range of 10 to 30%. 2). q
became larger with an increase in the percentage of hyalinized
glomeruli in conjunction with an increase in the number of
hyalinization in clusters. The percentage of hyalinized glomer-
uli had a greater effect on q than the number of hyalinization in
a cluster.
Based on those results, the relationship between the percent-
age of hyalinized glomeruli and q was studied on the above
three diseases.
The results were as follows (Fig. 10).
There was no correlation between the percentage of hyalin-
I I I I I I I
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Percentage of hyalinized glomeruli
Fig. 10. Relationship between q and percentage of hyalinized glomer-
uli in diabetic glomerulosclerosis (A), malignant nephrosclerosis (•),
and chronic glomerulonephritis (0).
ized glomeruli and q in diabetic glomerulosclerosis, which
showed hyalinization occurred at random. On the other hand, in
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Fig. 9. Relationship between q and percentage of tentative hyalinized
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two factors was found, which suggested that glomeruli under
the same vascular supply became hyalinized in cluster. Inter-
estingly, a clear correlation between the percentage of hyalin-
ization and q was also seen in chronic glomerulonephritis and in
malignant nephrosclerosis.
In Figure 6, the distribution pattern of chronic glomerulone-
phritis seemed to take a middle value between those of diabetic
glomerulonephritis and malignant nephrosclerosis. However,
after the above analysis, there was no substantial difference in
the distribution pattern. The large discrepancy between the
diseases might be the percentage of hyalinized glomeruli.
In conclusion, the following results were obtained.
1. Glomeruli become hyalinized at random in dabetic glomer-
ulosclerosis.
2. Glomeruli become hyalinized in clusters which is dependent
on the vasculature in malignant nephrosclerosis. The per-
centage of hyalinized glomeruli was low (mean 21%).
3. Glomeruli become hyalinized in clusters in chronic glomer-
ulonephritis dependent on the vasculature. The percentage
of hyalinized glomeruli was high (frame 77%).
Discussion
Glomerular lesions are seen in many renal diseases. The
distribution of glomerulosclerosis associated with diabetes oc-
curs without any apparent relationship to the vasculature, while
a relationship is seen in malignant nephrosclerosis. However,
the relationship of the glomerulosclerosis associated with
chronic glomerulonephritis to the circulation is still unknown.
The relationships in each of these studies will be discussed
separately.
Diabetic glomeruloscierosis
Two types of diabetic glomerulosclerosis are known, the
nodular form and diffuse form [6—8]. It is difficult to clearly
differentiate from each other. The underlying mechanism of
damage has yet to be calculated. This study revealed that the
glomerular hyalinization in diabetes occurred at random
through all stages in the disease. This does not mean that all
glomeruli would be at the same stage of development. The stage
of the glomerular lesion in the diffuse form often varied signif-
icantly from glomerulus to glomerulus and was therefore quite
different from the nodular form in which all glomeruli showed
diffuse thickening with a nodular subset. The most likely cause
responsible for this difference is the intensity of arteriole
involvement.
The hyalinization of the arterioles usually develops concom-
itantly with glomerular lesions. Therefore, well developed
nodular giomerular lesions can be frequently observed in asso-
ciation of severe vascular lesions. In other words, glomerular
circulation is required for development of the nodular lesions
[9-12].
On the other hand, in the diffuse form the presence of severe
arteriolosclerosis did not correlate with the severity of glomer-
ular lesions [13]. However, there was a close relationship
between severity of diffuse glomerular lesions and serum cre—
atinine and BUN [10, 11]. The findings of Hostetter, Rennke
and Brenner suggest that a basic circulatory disturbance at the
level of the arteriole may be the basic defect [14]. Accordingly,
it may be hypothesized that circulatory disturbances caused by
arteriolosclerosis precedes the development of glomerular le-
sions and prevents them from progressing to nodule formation.
In this sense, the nodular form would strongly reflect the nature
of metabolic disease [11].
Malignant nephrosclerosis
Malignant nephrosclerosis is a typical example of a disease
process in which the kidney is subjected to damage via the
arterial circulation secondary to severe hypertension. The
clustering pattern of hyalinized glomeruli, revealed that they
were supplied by peripheral arterioles, distal to the interlobular
artery. This suggests tha it is the peripheral arteries that
respond to hypertension. In addition, the hyalinized glomeruli
and arteriolar lesions were observed more frequently in the
deep cortex. The implication is that the branches extending
from the proximal interlobular artery were exposed to higher
blood pressure than those from the distal interlobular artery and
that the interlobular artery worked as a variable resistance [15,
16]. It has been generally accepted that vascular and glomerular
lesions are result of hypertension [17—191. The most lucid
explanation is that these lesions are caused by vasospasm [19,
201. Many animal experiments have followed this conception
[15, 2 1—23]. However, it is very difficult to obtain direct proof of
this contention from a morphological point of view. The find-
ings reported herein can be offered as proof for the existence of
vasospasm. There have been discussion as to which arteries
bear the pressure control during hypertension. The pathology
findings of intimal thickening and medial hypertrophy suggest
that the arteries larger than the arcuate artery may play the
major role [15, 24-26]. In addition, the present study demon-
strates that small arteries, distal to the interlobular arteries, can
also respond to severe hypertension.
Chronic glomerulonephritis
The pathogenesis of chronic glomerulonephritis is still un-
known in many respects. Most of the chronic nephritities have
deep linked with circulating immune complexes and antibase-
ment membrane antibodies. Consequently, if the disease occurs
and progresses by the above mentioned causes, it is natural to
assume that the glomeruli would be diffusely involed. The
lesions seen in acute glomerulonephritis may fit this descrip-
tion. However, this study showed that in chronic glomerulone-
phritis, the distribution of hyalinized glomeruli showed a clear
pattern of clustering and was dependent on vasculature. The
secondary atrophy of tubules and fibrosis due to a circulatory
disturbance would accelerate to lower the distribution pattern
of q in comparison with hypothetical distribution pattern. The
following two hypotheses may be reasonable to explain this
observation.
Firstly, one may assume that the glomerular lesions occur at
random and progress the same as is seen in acute glomerulone-
phritis. During this process, other factors, especially hyperten-
sion and the interference of arterial changes, participate, from
which the distribution pattern of vascular dependent type may
occur [27—30]. Secondly, it is thought that glomerular lesions
develop in a dependent manner on the blood vessels and that
they occur non-randomly from the beginning [31—35]. Closer
studies of the hyalinized lesions reveal competely hyalinized
glomeruli along with barely hyalinized lesions, which resemble
the normal glomeruli. However, they can be differentiated from
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